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1
CONTROL CIRCUITS FOR MOTORS AND
RELATED METHODS

FIELD

The present disclosure relates to motor control systems and
communicating methods for motors.

BACKGROUND

This section provides background information related to
the present disclosure which is not necessarily prior art.

Heating, ventilating and air-conditioning (HVAC) systems
can be used to regulate the environment within an enclosed
space. Typically, an air blower is used to pull air from the
enclosed space into the HVAC system and then push the air
back into the enclosed space after conditioning the air (e.g.,
heating, cooling or dehumidifying the air). Various types of
HVAC systems may be used to provide conditioned air for
enclosed spaces. In the HVAC industry today, electronically
commutated motors (ECMs) are known to be controlled by
multiple taps. One common motor is known as the X13®
motor, manufactured by Regal-Beloit Corporation of Fort
Wayne, Ind. This motor has multiple taps, which are control-
lable by providing 24-volt alternating current (24 VAC) input
to one of the taps.

SUMMARY

This section provides a general summary of the disclosure,
and is not acomprehensive disclosure of its full scope orall of
its features.

According to one aspect of the present disclosure, a control
circuit for a motor of a HVAC system is disclosed, the motor
including at least a first tap and a second tap, the motor
configured to operate at a first parameter when the first tap is
energized and at a second different parameter when the sec-
ond tap is energized. The control circuit includes a solid state
switching device for coupling to the first tap of the motor and
a control device coupled to the solid state switching device.
The control device is configured to switch the solid state
switching device to apply a signal to the first tap, in response
to a demand for operation of the motor at the second param-
eter, to operate the motor at the second parameter. The control
device is also configured to switch the solid state switching
device to apply a signal to the first tap, in response to a
demand for operation of the motor at the first parameter, to
operate the motor at the first parameter.

According to another aspect of the present disclosure, a
method is disclosed for controlling a motor including at least
a first tap and a second tap, the motor configured to operate at
afirst parameter when the first tap is energized and at a second
different parameter when the second tap is energized. The
method includes applying, by a solid state switching device,
a first control signal to the first tap to operate the motor
according to the first parameter, when a demand indicates
operation of the motor at the first parameter. The method also
includes applying, by the solid state switching device, a sec-
ond control signal to the first tap to operate the motor accord-
ing to the second parameter, when the demand indicates
operation of the motor at the second parameter.

According to yet another aspect of the present disclosure, a
motor control assembly includes a motor and a control circuit
coupled to the motor. The motor includes a motor controller
and a first input circuit coupled to the motor controller. The
first input circuit includes a first tap, a second tap, a first
opto-isolator, and a first diode. The first opto-isolator is
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coupled to the motor controller, the first tap, and the second
tap. The first diode is coupled in series between the first tap
and the first opto-isolator. The input circuit is configured to
apply a first control signal to the motor controller in response
to an AC signal at the first tap to operate the motor at a first
parameter. The first input circuit is configured to apply a
second control signal to the motor controller, in response to an
AC signal at the second tap to operate the motor at a second
parameter. The first control signal defines a first signal pat-
tern, and the second control signal defines a second signal
pattern. The control circuit is configured to apply a first direct
current (DC) control signal to the first tap. The first DC
control signal is substantially consistent with the first signal
pattern, when a demand indicates a request for operation of
the motor according to the first parameter, and the first DC
control signal is substantially consistent with the second sig-
nal pattern, when the demand indicates a request for operation
of the motor according to the second parameter.

According to another aspect of the present disclosure, a
control circuit for a motor of a HVAC system is disclosed, the
motor including at least a first tap and a second tap, the motor
configured to operate at a first parameter when the first tap is
energized with an AC signal and at a second different param-
eter when the second tap is energized with an AC signal. The
control circuit includes a first solid state switching device, a
second solid state switching device, and a control device
coupled to the first solid state switching device and the second
solid state switching device. The control device is configured
to switch the first solid state switching device to apply a DC
signal to at least one of the first and second tap, in response to
a demand for operation of the motor at the first parameter, to
operate the motor at the first parameter. The control device is
also configured to switch the second solid state switching
device to apply a DC signal to at least one of the first and
second tap, inresponse to a demand for operation of the motor
at the second parameter, to operate the motor at the second
parameter.

Further areas of applicability will become apparent from
the description provided herein. The description and specific
examples in this summary are intended for purposes of illus-
tration only and are not intended to limit the scope of the
present disclosure.

DRAWINGS

The drawings described herein are for illustrative purposes
only of selected embodiments and not all possible implemen-
tations, and are not intended to limit the scope of the present
disclosure.

FIG. 1 is an illustration of an example HVAC system.

FIG. 2 is a schematic of an exemplary motor assembly that
may be used in the HVAC system of FIG. 1.

FIG. 3 is a plot of example input and output signals of the
motor circuitry shown in FIG. 2 when the first motor input tap
is energized.

FIG. 4 is a plot of example input and output signals of the
motor circuitry shown in FIG. 2 when the second motor input
tap is energized.

FIG. 5 is a block diagram of a method of controlling a
motor according to an example embodiment of the present
disclosure.

FIG. 6 is a schematic of an example motor control system
according to another example embodiment of the present
disclosure.
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Corresponding reference numerals indicate corresponding
parts throughout the several views of the drawings.

DETAILED DESCRIPTION

Example embodiments will now be described more fully
with reference to the accompanying drawings.

Example embodiments are provided so that this disclosure
will be thorough, and will fully convey the scope to those who
are skilled in the art. Numerous specific details are set forth
such as examples of specific devices, circuits, systems, and
methods, to provide a thorough understanding of embodi-
ments of the present disclosure. It will be apparent to those
skilled in the art that specific details need not be employed,
that example embodiments may be embodied in many differ-
ent forms and that neither should be construed to limit the
scope of the disclosure.

FIG. 1 illustrates an example heating, ventilation, and air-
conditioning (HVAC) system 100. As used herein, HVAC
refers generally to any system providing climate control and
may include an all cool system, an all heat system, a fan only
system, or any combination of heating, cooling, and fan
operation. The exemplary HVAC system 100 includes an
evaporator coil 102 to cool air passing through the system
100, a heat exchanger 104 to heat air passing through the
system 100, and a blower 106 to move air through a particular
space. The space may include, for example, a residence, a
commercial building, or any other space in which one or more
environmental conditions is to be controlled. The blower 106
is coupled to and driven by a motor 108. The HVAC system
100 further includes an indoor control board 110, which is or
includes, for example, an integrated furnace control and/or an
air handler control. The indoor control board 110 generally
controls the HVAC system 100, including the evaporator coil
102, the heat exchanger 104, and the blower 106.

A thermostat 114 is coupled to the indoor control board
110. The thermostat 114 provides a user interface to control
certain aspects of the HVAC system 100, such as, for
example, temperature of the particular space. Demands and/
or calls are provided from the thermostat 114 and/or the
indoor control board 110 to cause the HVAC system 100 to
operate in different modes and/or according to different rou-
tines.

The motor 108 is configured to be capable of operating at
different speeds given a particular HVAC setting. Specifi-
cally, the motor 108 includes multiple input taps, correspond-
ing to different operating parameters, such as speed and/or
torque. For example, energizing one tap by an alternating
current (AC) signal causes the motor 108 to operate at one
speed, and energizing another tap by an AC signal causes the
motor 108 to operate at a different speed. The number of taps
of the motor 108 may vary depending on, for example, the
particular HVAC system or the installation environment of
the HVAC system. In one exemplary embodiment, the motor
108 is the X13® motor manufactured by Regal-Beloit Cor-
poration of Fort Wayne, Ind. Generally, it should be under-
stood that motor 108 may be any suitable motor for control-
ling an air circulating device of a HVAC system.

The HVAC system 100 includes a control circuit 112. In
this particular embodiment, the control circuit 112 is inte-
grated in the indoor control board 110. In other embodiments,
a control circuit may be included, alone or in combination
with one or more other circuits, elsewhere in the HVAC
system 100.

While the motor 108 is configured to receive AC control
signals, one per tap to operate the motor 108 according to a
parameter corresponding to which tap is energized, the con-
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trol circuit 112 is configured to apply DC control signals to
only one tap of the motor 108 to cause the motor 108 to
operate according to different parameters. More specifically,
the control circuit 112 is configured to apply a first DC control
signal to the motor 108 to operate the motor 108 according to
a first parameter and to apply a second DC control signal to
the motor 108 to operate the motor 108 according to a second
parameter. In this manner, the control circuit 112 controls the
motor 108 according to different parameters, but without
applying an AC control signal or applying AC signals to
different taps to provide for different operation of the motor
108. In various embodiments, by use of DC signals, the con-
trol circuit 112 provides cost savings and space savings over
conventional controls, which incorporate mechanical relays
or other bulky switches used in handling AC signals. Specifi-
cally, for example, embodiments described herein may per-
mit such mechanical relays and/or bulky switches to be elimi-
nated, by the control circuit originally providing a DC control
signal to the motor 108, rather than providing an AC control
signal to the motor 108. Additionally, or alternatively, in
several embodiments, the control circuit 112 is useful with
existing motor designs, such that redesigns or replacement of
the motor and/or motor controller already in place is unnec-
essary.

The control circuit 112 controls the motor 108 in response
to a demand, which may originate at the thermostat 114 or the
indoor control board 110. The thermostat 114 or the indoor
control board 110 may operate according to a predetermined
routine, by which the HVAC system 100 is controlled through
a day, week, month, or other predetermined time interval. The
predetermined routine may include calls for heat or cooling at
certain times of the day, or to certain set temperatures for
certain intervals. The call may cause the HVAC system 100 to
operate according to one or more modes, such as for example,
multi-stage heating or cooling, fan only, or other modes, etc.
The calls include a corresponding demand for the motor 108
to operate at a certain parameter, which in this embodiment,
corresponds to a certain amount of air circulation.

For example, the blower motor 108 may operate at a lower
speed to circulate less air in a heating mode and/or at a higher
speed to circulate more air in a cooling mode. Ifthere is a two
stage system, there may be two different blower speeds for
different modes (e.g., high heat W2 , low heat W1, high cool
Y2, low cool Y1). The control circuit 112 applies the appro-
priate DC control signal to the motor 108 to cause the motor
108 to operate according to the parameter corresponding to
the demand.

FIG. 2 illustrates an exemplary embodiment of control
circuit 112, which is incorporated in a motor control assembly
200. The motor control assembly 200 further includes the
exemplary motor 108, which includes an input circuit 205
coupled to a motor controller 220. The input circuit 205
includes a first tap 206 and a second tap 208, which are
coupled to the control circuit 112. The input circuit 205 fur-
ther includes an opto-isolator 222, and a diode 226 coupled in
series between the second tap 208 and the opto-isolator 222.
A voltage source 224 is coupled to the opto-isolator 222. In
this embodiment, the motor 108 includes two taps. In other
embodiments, the motor 108 could have any suitable number
of input taps, and the control circuit 112 could be designed to
interface with the corresponding number of taps on the motor
108. Alternatively, another control circuit may be designed to
interface with less than every tap of a motor of an HVAC
system. In this particular embodiment, each tap corresponds
to a different operating parameter of the motor 108 (e.g.,
speed, torque, etc.). For example, the motor 108 may operate



US 9,178,447 B2

5

at a first speed when the first tap 206 is activated and a second
different speed when the second tap 208 is activated.

The input circuit 205 is configured such that if an alternat-
ing current (AC) signal is applied at the first tap 206 (AC
signal example case not illustrated in FIG. 2), the input circuit
205 applies a first control signal to the motor controller 220,
and if an AC signal is applied to the second tap 208 (not
illustrated in FIG. 2), the input circuit 205 applies a second
control signal to the motor controller 220. In response to the
first control signal, the motor controller 220 operates the
motor 108 according to a first parameter. Similarly, in
response to the second control signal, the motor controller
220 operates the motor 108 according to the second param-
eter.

Specifically, as illustrated in FIG. 3, ifa 24 VAC signal 302
is applied to the first input tap 206, the opto-isolator 222 is
turned ON when the AC signal 302 exceeds the turn of voltage
of'the opto-isolator 222. Because the 24 VAC signal 302 is not
blocked by a diode, the full signal is applied to the opto-
isolator 222. Consequently, a first output signal 304 is applied
to the motor controller 220. The output signal 304 is low when
the opto-isolator 222 is activated to pull the motor controller
DC supply voltage 224 to ground. In this case, the output
signal 304 is high only during the period that the 24 VAC
signal 302 is below the turn-on voltage of the diodes 226 in
the opto-isolator 222. This output signal 304 indicates to the
motor controller 220 that the first tap 206 is energized, and in
response, the motor controller 220 operates the motor 108 at
the first parameter. Although AC signal 302 is illustrated
having 24V rms, 33.9V peak, and a frequency of 60 Hz, it is
understood that the AC signal 302 could have other parameter
values. Output signal 304 is illustrated as a DC signal having
a peak value of 5V, but it is understood that other parameter
values could be used.

Conversely, as illustrated in FIG. 4, if a 24 VAC signal 402
is applied to the second input tap 208 (not illustrated in FIG.
2), the diode 226 blocks the negative portions of the 24 VAC
signal 402 from passing to the opto-isolator 222. The opto-
isolator 222 is only activated during the positive half waves of
the 24 VAC signal. Consequently, a second output signal 404
is applied to the motor controller 220. Therefore, the output
signal 404 is only low when the 24 VAC signal 402 is positive
and also exceeds the turn-on voltage of the opto-isolator 222.
This output signal 404 is different that output signal 304 and
indicates to the motor controller 220 that the second tap 208
is energized. The motor controller 220 in turn operates the
motor 108 at the second parameter. Further, it should be
appreciated that different input circuits may be employed in
other embodiments, as long as different output signals are
applied to the motor controller in response to an AC signal
applied to either the first tap or the second tap. Although AC
signal 402 is illustrated having 24V rms, 33.9V peak, and a
frequency of 60 Hz, it is understood that the AC signal 402
could have other parameter values. Output signal 404 is illus-
trated as a DC signal having a peak value of 5V, but it is
understood that other parameter values could be used.

Referring again to FIG. 2, the control circuit 112 includes
a solid state switching device 210 coupled to the first tap 206
and a control device 212 coupled to the solid state switching
device 210. The control circuit 112 also includes a supply
voltage 214 coupled to the solid state switching device 210.
The control circuit 112 includes an output 216, and a diode
218 connected in series between the switching device 210 and
the output 216. The diode 218 can prevent current from flow-
ing back into the control circuit 112 from the motor tap 206,
but still permits DC voltage signals to be applied to the motor
tap 206 at the control circuit output 216.
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The control circuit 112 is configured to respond to the
demand. The demand can be generated by the control circuit
112 according to a predetermined routine. Additionally, or
alternatively, the control circuit 112 may include an input
coupled to the control device 212 configured to receive a
demand signal from a thermostat. The thermostat demand
signal may be generated automatically based on a predeter-
mined routine, or inputted directly by a user. Regardless of
where it is generated, the demand corresponds to an operating
parameter of the motor 108, and as a result, corresponds to
which tap of the motor 108 should be energized. In some
example embodiments, the demand may be part of a call
provided by a thermostat or indoor control board, or may be
generated based on the call. For example, the thermostat 114
may provide a call for low heat from the thermostat 114 to an
indoor control board. The indoor control board 110 may then
generate a demand for an operating parameter of the motor
108 (e.g., specific motor RPM speed) corresponding to one of
the motor taps, which is associated with the call for low heat.
In other embodiments, the thermostat 114 may generate the
demand directly.

In response to the demand for the first parameter (whether
from the thermostat 114 or the control circuit 112), the control
device 212 switches the switching device 210 to apply either
a first direct current (DC) control signal or a second DC
control signal to the tap 206 of the motor 108. More specifi-
cally, to select the first parameter, the control circuit 112
applies a DC control signal to tap 206, which is substantially
consistent with the output signal that the motor controller 220
would receive had the first input tap 206 been energized with
a 24VAC signal (e.g., output signal 304). And, to select the
second parameter, the control circuit 112 applies a different
DC control signal to the tap 206 which is substantially con-
sistent with the output signal that the motor controller 220
would receive had tap 208 been energized with a 24VAC
signal (e.g., output signal 404).

In this manner, the control circuit 112 substantially emu-
lates the output signals (that would otherwise be generated if
AC signals were provided to taps 206 or 208) of the input
circuit 205 at the input of the input circuit 205 with one or
more DC control signals, thereby eliminating separate AC
control signals to each of the separate taps. In particular, the
first DC control signal defines a first signal pattern, which is
substantially the same as the output 304 shown in FIG. 3.
Conversely, the second DC control signal defines a second
signal pattern, which is substantially the same as the output
404 shown in FIG. 4. This makes it possible for the control
circuit 112 to select a first operating parameter or a second
operating parameter for the motor 108 by interfacing with
only one motor tap by a DC control signal.

Referring again to control circuit 112, any suitable solid
state switching device 210 can be used. The solid state switch-
ing device 210 can be any suitable transistor (e.g., bipolar
junction transistor (BJT), field effect transistor (FET), etc.).
The switching device 210 is illustrated as a BIT in FIG. 2. The
switching device 210 could also be a thyristor (e.g., a triac) or
silicon-controlled rectifier in other embodiments. The supply
voltage 214 could be set to any level capable of providing a
control signal to a motor tap (e.g., a 24 volt DC supply, a five
volt DC supply, etc.). In some embodiments the supply volt-
age 214 may be generated by the control circuit 112. Addi-
tionally, the control device 212 may include any device
capable of providing a drive signal to switch the solid state
switching device 210, such as, for example, a microprocessor,
a microcontroller, a programmable gate array, a logic device,
an ASIC, etc.
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In FIG. 2, the output 216 is shown as separate from the tap
206 and is connected by a wire. In other embodiments, an
output of a control circuit may be connected by other means
suitable for transmitting a signal to a motor. In still other
embodiments, at least a portion of a control circuit may be
integrated with the motor 108.

Resistors are connected in series between components of
the control circuit 112 to limit current in the control circuit
112 and protect components. For example, FIG. 2 illustrates
a resistor connected between the supply voltage 214 and the
collector of the switching device 210, between the control
circuit 112 and the base of the transistor, and between the
collector of the transistor and the diode 218. Other embodi-
ments could use resistors between more, less, or different
circuit components. Resistor values can be selected based on
design techniques to limit current flow in the control circuit
112 and to protect components.

According to another example embodiment, a method 500
of controlling a motor is shown in FIG. 5. The method 500 is
described with reference to the motor 108 and the control
device 212, as described above with reference to FIGS. 1 and
2. It should be appreciated, however, that other different
motors may be employed in combination with the methods
described herein. The methods, however, are not limited to
the control circuits and systems described herein, and may be
used in other HVAC systems (including air handling systems
without heating or cooling operations). Likewise, the circuits
and assemblies described herein should not be understood to
be limited to the exemplary methods described with reference
to FIG. 5.

The method 500 includes receiving 502 a demand. The
demand may be received from a thermostat or an indoor
control board, for example. The demand may be generated by
a thermostat or an indoor control board, and be based on a
predetermined routine. For example, the demand may be a
function of a preselected routine invoked by the thermostat,
i.e. being in a heating or a cooling mode and operating the
HVAC system according to temperature and/or humidity set-
points chosen by the occupant of the conditioned space. In
some embodiments, the demand may be a function of the
thermostat mode, i.e. a speed for the fan, a speed for heat (W1
or W2), or a speed for cool (Y1 or Y2). The predetermined
routine may designate a particular temperature (or humidity
or other condition) for certain time periods, such as, for
example, 69° F. from 5:00 am to 7:30 am on Monday. In other
embodiments, the demand may be generated based on direct
user input, such as a setting selection by the user at the
thermostat.

Based on the demand, the control device 212 determines
504 the control signal to be applied to the tap to cause the
motor to operate according to the parameters indicated by the
demand. In other embodiments, where the motor includes a
different number of taps, the control device 212 may select
506 the tap of the motor to which the DC signal is to be
applied. For example, as described with reference to FIG. 6, if
the motor includes five taps, when the demand includes a
request for operation at the second or third parameter, either
of'the second tap (Tap 2) or third tap (Tap 3) of the motor may
be selected. Conversely, for example, when operation at the
fourth or fifth parameter is requested, either of the fourth tap
(Tap 4) or fifth tap (Tap 5) may be selected by the control
circuit. Then, the control circuit determines the DC control
signal to be applied to the selected motor tap.

Once the particular motor tap is selected 506 (if selected)
and the control signal is determined 504, the control circuit
applies 508 the control signal to the selected tap. If another
demand is received, the method returns to 502 as illustrated in
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FIG. 5. Alternatively, if a demand signal is no longer pro-
vided, the method may not apply any DC control signals to
any of the motor taps. In several embodiments, the control
device 212 applies the control signal by switching a solid state
switching device to operate the motor according to the
demanded parameter.

FIG. 6 illustrates a motor control system 600 including a
control circuit 602 and a motor 604. The motor 604 includes
multiple taps E15, E16, E17, E18 and E21, a motor controller
606, and an input circuit 605 having an opto-isolators U1, U2,
and U3 and diodes D1 and D2. The opto-isolator U2 is
coupled to the second tap E16 and the third tap E17, and the
opto-isolator U3 is coupled to the fourth tap E21 and the fifth
tap E18. The opto-isolator U1 is couple to the first tap E15.
The diode D1 is coupled in series between the second tap E16
and the opto-isolator U2, and the motor controller 606 is
coupled to the opto-isolators. The diode D2 is coupled simi-
larly.

The input circuit 605 is configured to switch according to a
first signal pattern to operate the motor 604 at a second param-
eter when an AC voltage energizes the second tap E16, and the
input circuit 605 is configured to switch according to a second
signal pattern to operate the motor 604 at a third different
parameter when an AC voltage energizes the third tap E17.
Likewise, the input circuit 605 is configured to switch accord-
ing to a first signal pattern to operate the motor 604 at a fourth
parameter when an AC voltage energizes the fourth tap E21,
and the input circuit 605 is configured to switch according to
a second signal pattern to operate the motor 604 at a fifth
different parameter when an AC voltage energizes the fifth tap
E18. In this particular embodiment, the first signal pattern,
whether from opto-isolator U2 or U3, is substantially the
same. And, the second signal pattern, whether from opto-
isolator U2 or U3, is substantially the same. The patterns may
be different in various other embodiments.

In this exemplary embodiment, the control circuit 602
includes a solid state switching device Q7 coupled to the first
tap E16, a supply voltage (+24 VDC supply) coupled to the
solid state switching device, and a control device 608 coupled
to the solid state switching device.

When the control device 608 receives a demand requesting
operation of the motor 604 at the speed associated with Tap 2
of the motor, the control device 608 switches transistor Q7 to
apply a DC control signal to Tap 2 of the motor 604 substan-
tially consistent with the signal pattern generated by the input
circuit 605 when an AC voltage energizes Tap 2. Alterna-
tively, this same DC control signal may be applied to Tap 3,
without any change in function. The signal pattern will cause
the motor 604 to operate at the speed associated with Tap 2.
The signal pattern may be similar to the output signal pattern
illustrated in FIG. 4. When the control device 608 receives a
demand requesting operation of the motor 604 at the speed
associated with Tap 3 of the motor 604, the control device 608
switches transistor Q7 to apply a DC control signal to Tap 3 of
the motor 604 substantially consistent with the signal pattern
generated by the input circuit 605 when an AC voltage ener-
gizes Tap 3. This signal pattern will cause the motor 604 to
operate at the speed associated with Tap 3. The signal pattern
may be similar to the output signal pattern illustrated in FI1G.
3. The DC control signal may substantially match the phase,
frequency and duty cycle of a 24 VAC signal in some embodi-
ments.

The control circuit 602 performs substantially the same,
when a demand requesting operation of the motor 604 at the
speeds associated with Tap 4 and Tap 5. The control device
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608 switches transistor Q10 to apply a DC control signal
having a first signal pattern or a second signal pattern top to
either Tap 4 or Tap 5.

In this manner, one transistor can be coupled to one motor
tap, but still apply different control signal patterns through
that tap to select other motor taps that the transistor is not
actually connected to. Other unconnected taps can be selected
by applying a control signal pattern that the motor 604 would
expect to receive through an unconnected tap. Although
unused taps do not need to be connected, they could be
connected if helpful to eliminate confusion in the field for
users working on the control system.

In other example embodiments, a control circuit may be
configured to operate a motor of a HVAC system, the motor
including at least a first tap and a second tap, the motor
configured to operate at a first parameter when the first tap is
energized with an AC signal and at a second different param-
eter when the second tap is energized with an AC signal. The
control circuit may include a first solid state switching device,
a second solid state switching device, and a control device
coupled to the first solid state switching device and the second
solid state switching device. The control device may be con-
figured to switch the first solid state switching device to apply
a DC signal to at least one of the first and second tap, in
response to a demand for operation of the motor at the first
parameter, to operate the motor at the first parameter. The
control circuit may also be configured to switch the second
solid state switching device to apply a DC signal to at least
one of the first and second tap, in response to a demand for
operation of the motor at the second parameter, to operate the
motor at the second parameter. In this example case, a sepa-
rate solid state switching device may be coupled to each tap of
the motor.

As explained above, any suitable motor can be used in the
system. Different embodiments may include different motors
having a different number of taps, such as more or less than
five taps.

In some example embodiments, the control circuit 602 can
be located on an indoor control board of an HVAC system,
and may decide which tap to energize based on a user setting
from a thermostat. The control circuit 602 might interface
with any number of taps on the motor 604. For example, some
example embodiment control circuits 602 might interface
with only three taps, while others may interface with five taps.
In some example embodiments, the indoor control board is
either an integrated furnace control or an air handler control,
depending on the type of heat/cooling or whether there is
heat/cooling. The control circuit 602 may be separate from
the motor 604, which may make it possible to retrofit with
existing motors.

Insome example embodiments, the control circuit 602 may
be used for heating, cooling, running the fan only, multistage
heating or cooling, or other fan setting adjustments. Typically
in an HVAC system there is only a need for a maximum of five
speeds for the circulator. These speeds correspond to diftferent
cubic feet per minute (CFM) rates for the HVAC equipment.
There might be two CFM’s for heat, two CFM’s for cool, and
one CFM if just the fan is operating (i.e., there is no demand
for heat or cool). The CFM’s for cooling may be lower, in
some embodiments, than the CFM’s for heating. Two CFM’s
for heat may be used when there is a two stage heating system,
such as a gas furnace having a lower BTU rate first stage, with
a higher BTU rate second stage. There could also be a two
stage cooling system, although one stage is more typical. In
that example case, only one of the two CFM’s (or speeds)
would be used for operation in cooling. Further, in still other
embodiments, the control circuit may be used in an HVAC
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system, in which there is no heat or cooling operations, and
the different operating parameters merely provide different
rates of air movement.

The exemplary motor assembly of FIG. 6 may be used in
any suitable HVAC system, including the HVAC system 100
illustrated in FIG. 1. They may be used in an integrated
furnace control, a unitary control, an air handler and any
control that either communicates directly with a motor or has
the motor control built into it.

The terminology used herein is for the purpose of describ-
ing particular example embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an,”
and “the” may be intended to include the plural forms as well,
unless the context clearly indicates otherwise. The terms
“comprises,” “comprising,” “including,” and “having,” are
inclusive and therefore specify the presence of stated fea-
tures, integers, steps, operations, elements, and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, integers, steps, operations, elements,
components, and/or groups thereof. The method steps, pro-
cesses, and operations described herein are not to be con-
strued as necessarily requiring their performance in the par-
ticular order discussed or illustrated, unless specifically
identified as an order of performance. It is also to be under-
stood that additional or alternative steps may be employed.

Although the terms first, second, third, etc. may be used
herein to describe various elements, components, regions,
layers and/or sections, these elements, components, regions,
layers and/or sections should not be limited by these terms.
These terms may be only used to distinguish one element,
component, region, layer or section from another region,
layer or section. Terms such as “first,” “second,” and other
numerical terms when used herein do not imply a sequence or
order unless clearly indicated by the context. Thus, a first
element, component, region, layer or section discussed below
could be termed a second element, component, region, layer
or section without departing from the teachings of the
example embodiments.

The foregoing description of the embodiments has been
provided for purposes of illustration and description. It is not
intended to be exhaustive or to limit the disclosure. Individual
elements or features of a particular embodiment are generally
not limited to that particular embodiment, but, where appli-
cable, are interchangeable and can be used in a selected
embodiment, even if not specifically shown or described. The
same may also be varied in many ways. Such variations are
not to be regarded as a departure from the disclosure, and all
such modifications are intended to be included within the
scope of the disclosure.

What is claimed is:

1. A control circuit for a motor of a HVAC system, the
motor including at least a first tap and a second tap, the motor
configured to operate at a first parameter when the first tap is
energized and at a second different parameter when the sec-
ond tap is energized, the control circuit comprising:

a solid state switching device for coupling to the first tap of

the motor; and

a control device coupled to the solid state switching device,

the control device configured to switch the solid state
switching device to apply a first control signal to the first
tap, in response to a demand for operation of the motor
at the second parameter, to operate the motor at the
second parameter, the control device configured to
switch the solid state switching device to apply a second
control signal to the first tap, in response to a demand for
operation of the motor at the first parameter, to operate
the motor at the first parameter;
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wherein the solid state switching device is a bipolar junc-
tion transistor having a base, an emitter and a collector,
wherein the base is coupled to the control device, and
wherein the collector is coupled to a power supply; and
wherein the control circuit further comprises:
an output for coupling to the first tap of the motor,
wherein the collector of the transistor is coupled to the
output; and
a diode coupled in series between the collector of the
transistor and the output, the diode configured to sub-
stantially prevent current flow from the output to the
collector.

2. The control circuit of claim 1, wherein the control device
is configured to generate the demand for operation at the
second parameter based on a predetermined routine.

3. The control circuit of claim 1, wherein the first control
signal is a first direct current (DC) control signal, and wherein
the second control signal is a second DC control signal.

4. The control circuit of claim 3, wherein the control circuit
is operable to select the first operating parameter or the sec-
ond operating parameter for the motor by interfacing with
only the first tap by applying the corresponding first or second
DC control signal to the first tap.

5. The control circuit of claim 1, wherein the control device
is configured to receive the demand for operation at the sec-
ond parameter from a thermostat.

6. A method of controlling a motor including at least a first
tap and a second tap, the motor configured to operate at a first
parameter when the first tap is energized and at a second
different parameter when the second tap is energized, the
method comprising:

applying, by a solid state switching device, a first control

signal to the first tap to operate the motor according to
the first parameter, when a demand indicates operation
of the motor at the first parameter; and
applying, by the solid state switching device, a second
control signal to the first tap to operate the motor accord-
ing to the second parameter, when the demand indicates
operation of the motor at the second parameter;

wherein the first control signal is a direct current (DC)
control signal, and wherein the second control signal is
a DC control signal;

wherein the motor further includes a third tap and a fourth
tap, the motor configured to operate at a third parameter
when the third tap is energized and a fourth parameter
when the fourth tap is energized, and the solid state
switching device is a first solid state switching device;
and

wherein the method further comprises:

applying, by a second solid state switching device, the
first control signal to the third tap to operate the motor
according to the third parameter, when the demand
indicates operation of the motor at the third param-
eter; and

applying, by the second solid state switching device, the
second control signal to the fourth tap to operate the
motor according to the fourth parameter, when the
demand indicates operation of the motor at the fourth
parameter.

7. The method of claim 6, further comprising receiving the
demand from a thermostat.

8. The method of claim 6, wherein the first operating
parameter or the second operating parameter is selectable for
the motor by interfacing with only the first tap by applying the
corresponding first or second control signal to the first tap.
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9. The method of claim 6, further comprising generating, at
an indoor control board, the demand based on a predetermine
routine.

10. The method of claim 6, further comprising generating,
at a thermostat, the demand based on a predetermine air
handling routine.

11. A motor control assembly comprising:

a motor including:

a motor controller,

a first input circuit coupled to the motor controller, the
first input circuit including a first tap, a second tap, a
first opto-isolator, and a first diode, the first opto-
isolator coupled to the motor controller, the first tap,
and the second tap, the first diode coupled in series
between the first tap and the first opto-isolator, the first
input circuit configured to apply a first control signal
to the motor controller in response to an AC signal at
the first tap to operate the motor at a first parameter,
and

wherein the first input circuit is configured to apply a
second control signal to the motor controller, in
response to an AC signal at the second tap to operate
the motor at a second parameter; the first control
signal defining a first signal pattern, the second con-
trol signal defining a second signal pattern; and

a control circuit coupled to the motor and configured to

apply a first direct current (DC) control signal to the first
tap, the first DC control signal substantially consistent
with the first signal pattern, when a demand indicates a
request for operation of the motor according to the first
parameter, and the first DC control signal substantially
consistent with the second signal pattern, when the
demand indicates a request for operation of the motor
according to the second parameter.

12. The motor control assembly of claim 11, wherein the
control circuit includes a first solid state switching device
coupled to the first tap, a supply voltage coupled to the first
solid state switching device, and a control device coupled to
the first solid state switching device, wherein the control
device is configured to switch the first solid state switching
device to apply the first DC control signal to the first tap.

13. The motor control assembly of claim 12, wherein the
control circuit includes a diode coupled between the first solid
state switching device and the first tap.

14. The motor control assembly of claim 12, wherein the
motor includes a second input circuit coupled to the motor
controller,

wherein the second input circuit includes a third tap, a

fourth tap, a second opto-isolator, and a second diode,
the second opto-isolator coupled to the motor controller,
the third tap, and the fourth tap, the second diode
coupled in series between the fourth tap and the second
optoisolator,

wherein the second input circuit is configured to apply a

third control signal to the motor controller in response to

an AC signal at the third tap to operate the motor at a

third parameter;

and the second input circuit is configured to apply a fourth

control signal to the motor controller, in response to an

AC signal at the fourth tap to operate the motor at a

second parameter; the third control signal defining a

third signal pattern, the fourth control signal defining a

fourth signal pattern; and

wherein the control circuit includes a second solid state

switching device coupled to the third tap, the supply
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voltage coupled to the second solid state switching
device, the control device coupled to the second solid
state switching device;

wherein the control device is configured to apply, by the

second solid state switching device, a second DC control
signal to the third tap, the second DC control signal
substantially consistent with the third signal pattern,
when a demand indicates a request for operation of the
motor according to the third parameter, and the second
DC control signal substantially consistent with the
fourth signal pattern, when the demand indicates a
request for operation of the motor according to the
fourth parameter.

15. The motor control assembly of claim 14, wherein the
first signal pattern is substantially the same as the third signal
pattern.

16. The motor control assembly of claim 11, wherein the
motor is an electronically commutated motor.

17. An HVAC system comprising the motor control assem-
bly of claim 11.

18. The HVAC system of claim 17, further comprising an
indoor control board, wherein the indoor control board
includes said control circuit.

19. The HVAC system of claim 18, further comprising a
thermostat coupled to the indoor control board, and wherein
the thermostat is configured to send the demand in response to
a predetermine routine.
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